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(54) [&mo%m A 1 G a I n P^/tfT-ff- H 
(57) 

A 1 Ga I nPLEDtfcW, Jbt^iWPK: 

^*^<5X0tfi-rct*^rtiT\ 1 1 i-vMt^w 
* n , sr^r-t i v&m&imm t.u&u co&mm 

tt^aMtMbttMz&lfbttism 1 *>JB*r*J: 0 
/|>$V^2«$n 2 (n,>n 2 > &«^-&££2l>& 

mmimm tfrt> m&t & . * 1 o^gHtwifr'gtf t 

SfS ( ZnO) *>£&») . m2V&KBtfmMW4 si? 

w(in) mmtm < s n > mmcom^Mitmfr 



1 0 6 



1 0 S 



{ 



1 Q 1 




-10 2 



-3 0 8 
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[f**lll ] pBmttfVyj* ( Ga A s ) J»ttA#>& 
Kc&mmt . KS«Lh{df.»:aJi$ix^ y y-ftrvu 5 ^ 

>7A • #»J >>A • -i > ;/>>A ( A 1 G a I n P ) jI,P B fr 
pBTSB? 7 -y KB. fl?fcBfcJ:t/'nJl2_tSB?7 
•y KB*»4»»l£Siirt:fSM£»i: . Kffcfc«±tc»ttfcft 

flttfcA 1 Ga I nPM^^-KCK^t^ fife® 

-f& IS l a&SRfHHiiB IWl ^^JlS!-ft;^®cD^ 

c7)S»f*n 2 (n,>n 2 ) £qirriS2tf5&*l!MWijB 
fcfcWSI;-*-* A 1 Ga I nPJBK^-f* 

— K. 

IS ( Z n O ) £> £• 9 . ffisgst 2 0&Sigft9Mltf4 >- 

^'w(in) mmtm ( s n ) KftM^tt^MSHi 
frhKhzt zimt-r sum 1 tieiw)A 1 g a i 

nPf&ft^^-K. 

IfiBtf)* -V 'J TillS**. 5 x 1 0 ]9 c m- 3 JiUi7 X 1 0 
2 « c m-3 £: -T I. if 2 fcffi«<0 
A 1 GalnPM^5i--K. 

SSBcDitJSSiA*. 1 x 1 0-* Q ■ c mJil±3 x 10" 3 Q 

• c rnvsrvht z t zmwitzmxm 2(cie»<oA 1 

Ga I nPM^^-K. 
[»*Jf 5] ^{MW&fla»4>*4»Kfc. «*«±t=; 
JS&KBStoty WfcT/Us-^A • #y<7A • >f 
^(AlGalnP) fflJia»fc$:*»3Ki5i: . K«3fc 

t>%&mmt ZffitfcA l G a I n P$L%y<i s\— HC 

S£*VCV^.ri:S:!8©,fc-f.g>A IGa I n PfSft^-r 
=t— K. 

[000 1] 

tt**-f4A«irft;«l*»<9*4®i*:lr-r4A 1 Ga I 
n Pffejfcy-f KfcBW"* . 
[0002] 

T . P ng^lw/^^fn ( DH ) fi|)t<7jy WfcT 
/U = ^>»A • #y »>A ■ -fyy^A ( A 1 Ga I n P) 
il B B a *^^l»^Se^*-r&A 1 Ga I nvmt?4* 



-K (LED) tmhfCC^h ( App I . Phys. 
Lett. , 6J_(15) ( 1 992), 1 775 — 1 
7 7 7H#B3) . mz. -O-^Affl^JtSr^O. 5i 

-rsy wtr/us-^A ■ #y>A • -o-s^a ( (a 

1 a Ga,.. ) o.5 I n 0 . 5 P : O^a^l ) (i. BMbJT 
m(GaAs) JjU& B a B fc *t£PS£tt«:*fc-£ 
Sffl* t & oT (Appl. Phys. Lett. , 5. 
7_(27) ( 1 990) . 293 7— 2 93 9R# 
88) . DHmm<7>ftJt%>£Krt7 y K (c 1 ad) B 
(vSISB) tr«MW-*fc«>t«»S*iTV»4 

(Appl. Phys. Lett. . 5_S (10) (1 
991). 1010-101 2H#B?.) . 

[0003] mnk EMUfoizhhymmfr t><r>m& 

KOtti-r(ilc0^5-y KJf^n^JftL^LEDSrn— * 
-(K77rlLED, pSltULED^p-f-f K 
777lLEDi:»tl.. n— »M KT-yTS&SWJ: 
P-^hT7 rfflOfif^fc LT t . fc#cO A 1 G a I 
nPLEDT'll ±3P?7-y KBO±£. SBfcS5*>S><7) 

M) tmWZiVZ^Z (SPIE, Vol. 3002 

( 19 9 7). lio-n sjc#m) . mma%mz 

$>D. &&<0A 1 Ga I nPLEDtfi, atfkT7US^. 
^A-**y->A (A l c Ga,. c As : O^CSl ) 

(IfiCOApp 1. Phy 
s . Lett. . 5_8 (1991) . tti. V > 

ittfvtj* (Gap) fr£>mm-&mi>mix^h 

(J. Electron. Mater. , 20_ (19 9 
1 ) . 1 1 25-1 1 30Ji#B3) . ttz. 'J Wfcfifrffc 

y a ( g a a s p ) % y ^-fb^'y ^a • ^ 

(Ga I nP) i tzli 'J WtT/U 5—^ A • #y^A • 
■i >WA ( A 1 G a I n P ) *>&£jf £fl|j£*-&8ffi 
**BH^S/tT^& (»HJ¥1 1-17 2 2 0^fg^«l 
##.^) 

[0004] AlGalnPLE D^Ji(?DWf4i: LT 

it, ±iE<o«to^i i I -v«Hfc^«|i|saiflc|*|E|t=ln 
CTi.(fr^ y ^^E^frms . a s i , 1 2 2# 

tcfi. y^A 'Stindium- tin o 

x i d e : B&& I TO ) *^^Sg*tt^JaB?-fb^ 
SSW3&*SE»3iiT^&. $4>tc. ^BHTl 1-1 722 
o#fcj:iitf, SHIM ^>-'^a - gfft-f yy^A. 

Kfbft. ig-fLsis^-fk^^^^AT&^^s^mtt^ 

# L«*tt<OAHlMt«Ji £ , y w b*' y A ( G a 
P) . yy-ftstt-fbsry^A ( g a a s p ) . ywt^'y 

-7A • A V i/^M. ( G a I n P ) *fcli8Mfc# 'J ^A 
( G a A s ) H^^y^? hB±^K(tl>^S#^ 

[0005 ] 

fte&tt-f h (Al,Ga,.,),,,In u P(0S B 
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^1 > J&fcMm-t&A 1 Ga I nPLEDtfi, ±15 

mi i -vmit&fy¥mikzmMtzm\'>tzi&£. m± 

1 0 0 0 6 3 £ . I I I - V«Hk£«#IWWi±ic I 

^^mwm t &matmm t ontfiv^- $ -y ? 

(Ohm i c ) igfcfcSflWSJg L"C» h tl%i ^Z t #H 
Jf-f£ I I I -Vftft^ft^fWIWi. I51X10' 8 
l^&C £ jfc&Ki 3*rt vvfc ( WBBT 1 1-17 2 2 0 

$-111 - VflHk**¥WficJBtc Y-wr-fh t , I 

**>hS < . JtfflSt^BJKfcflfcfi* I I I -v^-fb^* 
t 0 0 0 7 J £ ti . HRfc»fl2»MI«0&«K{l3ftT' 

•y ?«tt*»4fcft{c£«jMHOT£fc* + 'J T««fc 
[0008] $ £> tc. ^fctt (^Jggs^^fflSSPMtc: 

if. jSaetto^JSis-ffc^cot/toT-i&^kffira 4 ( z n 
o ) fiwttgHfcifre* 0 . ta&TJU* v<?>m&z®% 
izmm-th ( r«i»ift^j|^3jj Rj (g^s/g, 1 

9 7 6*4Ji5B$8ff ^3RR^7ffl) . 5 0 8jf# 

cvmmmt lx rn&i-zt. -mi*?* bwr?? 
< -jLumz&oim&\\\tTtv*i 'jttivf^fc 

1 0 0 0 9] iaub. ^*ft'ri?^raa*^^s-rn<f . 

ih^=te*>'+^^ <&^7t#>. AIGaln PftKMfr 

^-t. (o) 1 1 1 -vmit-s'tom&wmi.i.zm.m* 
&m&mifrt>%z%M£mf&tmizts\ l \xii. ±m 

i\L&m¥m&m$:mm-h z t mmx-h hzt . 

(^) £S6M:ftJI£^*^yTffijg£^.J;f, 



T'&SCif:, Si/ (-) &«Bfc«i*«oWBU=flc-pT 
(i . 5 y ? m&VBf&lzW a JnitcJlfc f# 5 d t . 

[0010] *«bb«, ±E<0tt*S*^IHb££3Sffi 

^■f**«KKK8ll*»<»*SJS«Sr»ifcn— 9->f h'T-y 
7lC0AIGaInPLEDCtJHt, < i ) «3fc£*h 
§I5^^<]!X l 9ai-r^i:*^t\ (2) I I I -V 
Mtft-&b¥m#m 1 1&&iA.X'&ft%*- 5 -y ?mm£& 
&Zb&X'£ ^ ( 3 ) Jlfe*^#fe<05fetW LT33fctt 
izmti. ( 4 ) iiScoanxSW^ t o TiMiS:JB«-r i 

Zklzhh. 
[00 11] 

( 1 ) (Dsmiz-o^xit. miftmco±'nz&?>.x%.m% 

( 2 ) mf ( 3 ) eymmz-owxu. mmffi&ttnow. 
fmmtbmm&t £M5£tz> zt*t> ->xmm-h. 

( Ga a s ) m^B H a *^^4Sffit. B3HRJit:lI<W!l 

y wkr^s ->>a • ^y >>a • > r ^^-^a 

(AlGalnP) il H a B*^^4 vWTU9 y-v HS. 

iSftflWB*»^>irijSJfi:S:fl||ifcA 1 Ga I n 
fifcJS 1 OBJr* n , l>m 1 O^JBK-fb^/i t . 
l^S^J;0^h$V^2<7)giff$n 2 (n,>n 2 ) £ 

*-r&m2o&«iM:!iwf t ^^-r s i t wmt-t 
[0012] £tzm$.m2<rm%\t. mxm 1 tcie®^ 

Al Gal nPMN^-Kttot. mimi^ 

mmmmtf. mURKMt tzii?t/(M±.izmzmit(.2 

ixtzl I I -Vj£ftl§^¥^fWl{cgLT^j&$*u it 
* 1 <0&«WMWi#»flaE« (ZnO)*^^0.BU 
IS^2cO#JKS-(t.^«AM (In) S^t^ 

( s n ) ®im<r>&^mfcmfr h%hztamt^ 

[0013] 4JtSB«3S3^IW8li. Iff ^ig 2 Kfg«c<7) 
A 1 Ga I nPM^5)--K(:J)iT, HtriemicO^ 

mmmm zmfo-th ma&s&mvi** y rigs^'. 5 

xi 0> s cm-Hli7xi 0 ? »c m-3iaTT'*)SC:i:£ 

[0014] £Km*r%4 <r)wm. »^ia2(cie®co 

A 1 Ga I nP^c^-f^-K(C*oT. miieigl^ 
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mmmmzffim-hm\m$m<nm.fthK 1x10 

-*Q • cmJ3Lh3xl 0" 3 Q • cmMTX-hZZtZft 
[0015] 4fcm*Ja5<0SttBtt. ¥^#^b b b*^ 

=sr4*«t , m.mm±.izm&mm$iitz o >itrtv s - 

OA • tf'JOA • 4 y^M. (A 1 Ga I nP) £jfc&> 

»fbft«*>^0, KffiRoftllSHHIiJIIi. f&fcJiJ: 
♦flfrhS < J: 'j izRWZtiX n£ i k £ Wat f 
[00 16] 

1Wi£»§$-1i--caiJjtt4. -ei/C. £Jf £ 2® <D&« 
Rfl3ftJia»&»Jfc-fi»£\ A 1 Ga I nPf^fryM;* 
- KOSBfcfflJfc: J: OiSTt-S RfWft 1 06II1MS1MI 
5r» Sff^n, ffS^ieoifeJSg?-ft;^a*>^^L.. 
ft 1 ^&SStf lM<7)3Mi fc R**«lfc:R«- £>ft*:ft 2 
<OgMJf£, n,J:0'jN$^g&f^n 2 (n,>n,) * 

2 ir&mwimmnm 1 cog^s t r^ihcsm* 5 ft 

3 *>»flsiwi« . ft 2 o&RSHBfM <?)®m& n 2 «t 0 

[ o o 1 7 ] 4fc % mmfg&h&wmimm<?>o *>, 

'JyftT^S-'JA • #l/OA • -f^S/tfA (A 1 Ga 
I nP) Sftj&»<5>*&SfefeatSt,ifi«LTR»t<?>it6 
&JRSHfc*WHi. AlGalnPiO t/h$^rSJff*S- 

[00 18] n-*M b'T/TMOA 1 Ga I n 

PLEDc0^c7)BXOa5L*-(6l^Bk^Sn^OI I I 

-vm\teiwmwm±.£.m.mzmm- sum 
a. mtfim : k%)2 . oti-h nm^m-it^s iznoi 

RttBH— te^h (wt. %) cDjSJgT'K-fVjfSft 



n»«5Kie»4fc{i«3ie»±fc:8iJfc»lS$ii*: I I I - 

S*W#¥fc:LT. 5 0wt. %iU±cDgMbffi$S£ifcft 

SS (indium zinc oxide) W. 
[0019]*fc,J|ll <0£«BMfc«J*tf)f65fcSfcR*t 

n ) m-ftmtm <sn) iM^a^s^ t^y^ 

A • ftRftffe : I TO ) i^aFi U\ I 

TOltmiftmtfft 1 - 9T'<fc&. Z.<7)tztf>. ftlO&Jffi 

rjumi £ Rfts«8a» & an* u ft 2 ogAUOTHMi * 

ITOa»fcifj£l,-c$r4Jg«i, «#£ttSfi3R'jart- 

<\&$&m<DRmmb LX®< Z t J: O , S^-ftrDHr 

f 4 £ t 2 tl&fZ ULED £«JtT # s . 
[ 0 0 2 0 ] ft 1 OK-fbft^^r^-r nJBK<kSlfi««, 
A 1 Ga I nP?gB B a *^^-SSBKgP4^(i:S5B^±{C 
JS«(c»JfiS*ut I I I -VKfc^ftifi8WMfc«o*-5 

**<'^&tf5* t *4LV^<0«*rt&T'*4. L*>L. nJB 
OS^$rML. LHA1 Gain PMikfr 

&£tzimm&±izmzB$.ztit: 1 1 1 -vm& 

ffim2ffiitzi&f&tU±tzMizm!8.2tit: I I I - V 

Kc**VTW!im<?)mmit&)5X l 0 13 cm-3J.Xh7X 1 
0" c m-*&TX't>& £ t Sr5.aj $€, 

•vuratietosHJi, sxio is cm-Hih5xio 2 <i 

(Hal I ) %}Skm%.mzJ; 

[0021] ±.ii<omm&imit. —mftpkimtiLA'1 
•y 9 'j >ym&w&&&q&%teimm (mocvd 

ft) tf-ryu-^g yft(cj:Ofi^T'# 

K^LSISS ZBtitLXot-fht. S«<7)igjS5- 5 0 0 
ffifSSA'tft 1 O^JSBE^SS-^fiE-r^tO^ 4 L 
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Sr 4 gt& AOBf HEfflJR T'ti . tit 

2L<fiJfBT'£4. 

[0022!SiV^'J T?fiJ£<7> n JgOlHISBBJe £f* 
Witf. T/U5-^A (A I ) , A 
(Ga)^ > ^*<?A (In)fWIII Ss7C*£TO6 

nmmit i . *tuzm ^mmmzmt&ftwmm 
mit&T-r 4. feih&coMigimttmm*?. znizm 

T(±. "TWfctfHL WfcA 1 Ga I nPfflAj&»feaj»$ 
ixf#4, ifcH£3$5 1 Onm*^$tj6 5 0nmi:-ri>IS 

wflw*fc*>. RflsgB**>jtsfit«\ ixio-'q- 

cmJil±3x 1 0-3 Q • cmOTO®fflt-ri»<50^»» 
£-f4. 3x 1 0- 3 Q • cm5-@i.TitffiSi2-^fri. 

coo23] ±ietf)*n< * u Tiiwt jaa&wflses 

6 5 0 nmki-**S^6*fetf5'BI«3t««C 3 F^LT 

8 o %iiUbcoffiv^«o®is^2-*-rsm i <r>&mmim 

fcjwss*ufc 1 1 1 -vwnt-s®i¥mftm<?mmeo-£m 
ttrnzwrn-zizmh-r. *-§.v9wmww*- 

i: £4 . *<ntet>m l «&BijHl^o»Wi«ftT't» 
»2nmliH!tft6. ££$20&IIiHUiiJ|&flb£ 
•^4 I TOmcD* a- 'J TillS, JfcJSttMtffcJi»co»4 

[0024] 

[ f«B J «3t(0K 0 ft L*-i4K=ffiiff**<«a:'hS < £4 

kswswkb o aj-r ma £ 4 . 

[0025] BHfcE»a»644S 1 O^M&tfttfoJUi:, 
A 1 Ga I nPA^^cl,^SP4^{i^3tSB±(C^J^ 
I I I -Vflgfl:£fciN«Wfl:<0*-5 y?£ 



[0026] I T0A>^&4lg2O&SBSrt:ttSU:, H 

i ^mmimmtmzmwx'mm&tti-z&mzm 

T^fflf4. 
[0027] 

[mim] WT. *fM8* AlGalnPLED fcfl* 

[00 28] [1 ffiftLfc (001) 

ffi£*Tft3K&K-T«P»GaAsJM6ftS«l 0 1 
±(C. ZnH-7«pBGaAsiS1102, Znh* 
-7°«Op0 (A 1 0 ,,Ga,, 3 ) o.5 I n 0 . 5 P36><5>=6r4T 
SP?7-y HJB1 0 3, 7fK-7«)n»(Al 0 .,Ga 
o. s ) o. 5 I n 0 . 5 Pm&frhtch&KM 1 0 4 SrlRfc, 

mm Lti. r>BTm? 77F1103 coiEiimmm 1 

xl0 1! cm-3tL *fc»Wi*?jl jurat Lfc. £ 

[0029] fBtS 1 0 4±fc»i, n»CXtg&7 7 -y H 
ill 0 5iflWS«:. _Lg&?7y HS1 0 5*i, 
?SK^ffla-r4^1y n j^3c7)n^l 0 5 a, 105 
b, 1 0 5c*M$*TMU. miCDnBIBlO 
5 ati, a* ( S i ) Sr K-b'V^'LjtSff^^l /im 
t t?iIi7X 1 O l7 cm-attl.nI (A I 
uGa,.,) 0.5 I no.sPIi^MU. 4^2tO 
njg/l 1 0 5 b{±, S i £ K-t">-i7'L^JiJi:$- 10 0 
nmtU S^eaS5r9X 1 0 16 c m-s t"T4 nj^ (A 

1 0. 7 G a 0 . 3 ) 0. 5 I n 0 . 6 PI^f,««ljt. 4^3 
OnBMl 0 5c<i, -buy (Se ) J K-fy/Lt 
ilJp$:5 0nmt U m-?ilUg$:2xi 0 is cm-3tt 
i>nl (A l 0 . 7 Ga 0 . 3 ) 0 . 5 I n 0 . 5 P/f#>f>fl§j£ t 
fc. ±l£0|g»ii 10 2. p JTFSP? 77K1103, 
%3feill0 4. n^±g?^7 y Kill 0 5(2, hU^f- 
/UT^S-^A ( (CH 3 ) 3 A1 ) . h'J^^-^'J^ 
A ( (CH 3 ) 3 Ga) RUbVX1~M Vis*7l» ( (C 

H 3 ) 3 1 n ) £ I I I Wdm<r>WMh. *X7 ^ v 
(PH 3 ) £V)^7C*c0^i:-ri,mEiOMOCDV^ 
(C«t0. 7 2 0'CT-W«L^. Sfo\ -feU-VcOK 
-ty/'BAta. ^'xf-yuffiifi ( (C 2 H 5 ) 2 Z 
n) . v'^5>- (S i 2 H 6 ) . -tUy-fbK^ (H 2 S 

e ) zmmttz. 

[0030] nB±.®7 5 y 1 0 5^®$r^-f^ 

yymzji ot-^s-^a ( a 1 ) K-rcon^isfts 

IS ( Z n O ) frhtchm 1 C0#gigft^/i 1 0 6 a 

31 1 cr>$Lgm\3®m 1 0 6 a £OlSW^ft 
'JTilJg<i^3x 1 0 2 «cm-3t L. tfci&fit<£ft 3 x l 
0" 3 fl • cratU SJI(i^2 5 0nmi: L*r. %\<T> 

■^mm-imm 1 o 6 a + u T<rmmm±$> 12cm 



(6) 132 001-44496 (P2001-44 4JL 



2 /V • sT'Aojt. is-h (sheet) %mm5 

i <^mvtom£%?mitm$mi. < o o o i 

[oo3iifti o&bbmmm i o 6 a±tc<i. i t 
ofrh%h'm2<r><kjm.imm i o e b 

* 2<0£MBHMIUi 1 0 6 b >J TSMBitt 1 x 1 
O 20 c nr 2 fc L, Jtffitn:«*-74x 1 0" 4 Q • cmt t 
fc. JIJf«i^2 0 0 n m t Ltz. mM 1 0 6«±3I 

\imi&2<r)2m<F&W>WkMm \ 0 6 a, 106b*> 

[00 32] mmi 06±tC{±, BS&ttl 1 0,umi: 
■f&T^S^A (A 1 ) *^^STOC0n®«Sl 0 

7 z-im%y* hwy^yj -m&mmLxmf 

it. S110 6 £RflSE8JB£ I TO«-CJ&S-r-&t?ij£ 
t Lttib. nMS 10 7 &£R (HCDCtOx 

t fritz . iWaAs S$ 10 1 COg®CD£ffiK 

# • ( A u 9 8MS.%- Z n 2M%-£ 

£) £*SJ!!»Lfc». 4 2 OT^fl-BteA-ffc ( 7*o 

-r ) Ma^teLT. p&wmi oss-iswl-. -ecof*, 

-j2£i& 3 50/im k -T 4 3E2r»tf>?- v 7*(CffEBTr LLE 
DZfimLtz. 

[0033] nMil07t P »lSl08t«; 
«ttTI*Ifc:2 0mAtf)«eeSra[Lfeti*, LEDOlgJf 

fcJ: 0«I^Sil>i:JJe«*<Ot-^»*J4»6 2 0 nm 
Wt^7 h>l>co¥mm±#)l 8 nm 
T^ 1 ?, #fettfc«T.4»3te&«»&i'Ufc. 2£2 0mA 



«0Jttfrifli*a[S:8W16O«*-|H«£EU«J 1 • 9 5 V b % 

5 v ± 0 . 0 4 vmmx-h 0 % «ttri*iiKE*>%-fl2MS 

fifcSilfc. LED<D3Sft5$g{iift4S$LI#>7-'7 (m 
cd) fcSfigLfc. 
[0034] 

Ga I nP%3t^^-h'{cfc^-C. ©Ifc.LaLfcJ: 
IRfrr<WBE^-'C**«ttlBOA 1 Ga I nP«3lW 

[mi] 44m*4iftMfc:fli*> sled nmmmm. & 
^vg&mxhh. 

101 piGaAsfg B a BlS 

102 pfGaAsIif 

103 P»T«^7vh*JI 

104 mm 

105 ±g|5^7-yh'Ji 

105a m\<r>nmm 

105b m2<50njgii 

105c m3c0n®JI 

10 6 Jgjg 

106a mo&JRSKfct>JB 

106b &2<r>&wmwkm 

107 njg« 

108 pj^me 



rem 



X Q 1 
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Fr?-A(##) 5F041 AA03 AA04 AA21 CA34 CAS8 
CB36 



